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Figure:  Tanmoy Laskar
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Visualization of FIRST J141918.9+394036 (credit: NRAO)



FIRST J1419+3940 

Credit: Law et al., Bill Saxton, NRAO/AUI/NSF



• FIRST J141918.9+394036 in host 
galaxy at 87 Mpc

FIRST J141918.9+394036 disappeared!

Four views of FIRST J141918.9+394036



What Is It?

• Orphan GRB
• Luminosity and timescale
• Spectral index change
• High-energy limits
• Host galaxy type and star-formation
• Volumetric rate

• Magnetar powered supernova
• Volumetric rate is a bit high for GRB

• Host and star forming region similar to FRB 121102 and SLSN hosts

• Explosion would be ~decades earlier than first detection (Margalit & Metzger 2018)



Unification via 
Magnetar Birth

• J1419 may be a rosetta stone for 
unification of multiple classes of 
astrophysical transient
• SLSN, GRBs, FRBs as signatures of 

magnetar birth
• Were we lucky or are there more 

slow, luminous transients out 
there?

Credit: Bill Saxton, NRAO/AUI/NSF
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Sources of 
radio 
emission:

Non-thermal 
coherent

Slide courtesy 
Laura Chomiuk, MSU

Thermal

Synchrotron

Expanding H II regions

• Novae

• Symbiotic Stars



Sources of 
radio 
emission:

Thermal

Slide courtesy 
Laura Chomiuk, MSU

Non-thermal 
coherent

Synchrotron

‘Fast’ radio transients (<~ 1 sec duration)

• Pulsars

• Flare Stars

Different strategies used to study these---
but can be complementary with searches for 

‘slow’ transients (>1 sec)



Sources of 
radio 
emission:

Synchrotron

Thermal

(the majority of ‘slow’ radio transients)

• Gamma-ray bursts

• Supernovae 

• X-ray binaries

• (Jetted) Tidal 
disruption events

Slide courtesy 
Laura Chomiuk, MSU

Non-thermal 
coherent





Synchrotron Emission

Krauss et al. ApJL, 750, 250 (2012)

See also Horesh et al. (2012)
Soderberg et al. ApJ, 752, 78 (2012)

SN 2011dh – Type IIb

Chevalier, ApJ, 499, 810 (1998)

“Synchrotron Self-Absorption in 

Radio Supernovae"

Granot & Sari, ApJ, 568, 820 

(2002)

“The Shape of Spectral Breaks 

in Gamma-Ray Burst 

Afterglows”

Duran, Nakar & Piran, 

arXiv:1301:6759  (2013)

“Radius constraints and 

minimal equipartition energy of 

relativistically moving 

synchrotron sources”

See also NYU Afterglow library

Hydrodynamic simulations 

(UCSC)Timing of observations important



Localization

Circumburst density

Velocity / energy scale
-Beaming
-radius constraints and

size evolution

Magnetic field strength/
outflow line-of-sight 
orientation (via polarization)

Information from Radio Synchrotron
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• Blazars
• Pulsars
• Gamma-ray bursts
• Tidal Disruption Events (Relativistic/jetted)
• Fast Radio Bursts
• GW counterparts





• Radio spectrum ⇒ synchrotron
• No optical ⇒ AV > 3 mag
• LX exceeds Lsyn by ~103

EVLA, Ryle, 
OVRO 40-m

CARMA

SMA

no optical / weak NIR

Zauderer et al. Nature (2011)
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Very Large Array Sky Survey



Why a VLA Sky Survey and why now?
• Science based on surveys comprise 

a steadily increasing fraction of VLA 
publications

• 20 years since VLA surveys NVSS 
and FIRST;  5+ years before SKA-1

• New scientific opportunities
– multi-messenger surveys need radio counterpart with comparable or 

better resolution
– start now to build time series for time domain studies

• Community driven survey
– Astronomy community proposed a new radio survey taking advantage 

of VLA’s new capabilities
– Reviewed by independent panel, approved by NRAO Director in 2015

Slide:  A. Kimball



Era of large surveys (optical/radio/gamma) 
forthcoming with more discovery potential to 
obtain observations to answer some of the 
open questions



Slow radio transient rates (Mooley et al 2016)





Scientific capabilities of the upgraded VLA relevant for a sky survey

• Wide bandwidths:
• Continuum sensitivity
• Spectral index information
• Rotation measure studies
• Survey speed for wide-field mosaics

• Correlator flexibility:
• Very fast dump times
• High resolution, flexible tuning

Hercules A image credit: NASA, ESA, S. Baum 
and C. O'Dea (RIT), R. Perley and W. Cotton 
(NRAO/AUI/NSF), and the Hubble Heritage 
Team (STScI/AURA)

• New “On-the-Fly” mosaicking mode:
– Decreased overheads for large, relatively shallow surveys

Slide:  A. Kimball





Future Directions





VLASS Survey Definition

• Highest spatial resolution, all-sky radio survey to date
• All-sky (33,885 deg2 above declination –40°)
• Frequency: 3 GHz (2-4 GHz, less RFI affected regions) “S-band”
• 64x2 MHz channels per spectral window, 16 spectral windows
• High angular resolution:  2.5’’ (VLA B-configuration)
• Synoptic:  3 epochs separated by 32 months
• Observing time:  920 hours per configuration cycle  X  6 cycles

• Full survey, 7 years observing: September 2017 --- October 2024

Area
(deg2)

Resolution
(robust)

Rms
(μJy/bm)

Density
(deg-2) Total Detections

33,885 (δ > -40°) 2.5” 120 \ 69 ~150 5,000,000

Slide:  A. Kimball



Improvement in resolution from NVSS and FIRST

NVSS                         FIRST                          VLASS

Slide:  A. Kimball



VLASS resolution advantage
Radio “galaxy” 3C 402

NVSS DSS VLASS

M. Lacy et al. (in prep)

Slide:  A. Kimball





Enhanced Data Products & Services
Community led effort

• Transient Object Catalogs & Alerts
• Multi-Wavelength Catalogs for VLASS sources
• Rotation Measure Images and Catalogs
• Light Curves (IQU) 
• A hosted VLASS Archive with Image and Catalog Service

² e.g., as currently available by 
IPAC/IRSA allowing for VLASS to 
be integrated with Spitzer/Planck 
/WISE/Euclid/etc…

Slide:  A. Kimball



Community Effort:

• Led by Shea Brown (U. Iowa)
https://bablai.com/vlass
• Machine Learning for source classification
• Training on VLASS QuickLook images (prep for cubes)
• Basic catalogs and postage-stamp images

Slide:  A. Kimball



CIRADA: 
Canadian Initiative for Radio Astronomy Data Analysis

• Led by Prof Bryan Gaensler (Director, Dunlap Institute)
• Canadian Foundation for Innovation (CFI) award

• $3.5 million (CFI) + $6 million partner funds (w/ NRAO in-kind)

With VLASS:  produce rotation measure images and catalogs

Slide:  A. Kimball



Current VLASS status

• Observations of VLASS 1.1 completed!
• 12,921 deg2 in B config:  130 data sets
• 3910 deg2 in BnA config:  35 data sets
• Total of 916.5 hours ∼ 16,831 deg2

• All data sets available to public:
• [old] NRAO archive, Project code “VLASS1.1”:
• https://archive.nrao.edu/archive/advquery.jsp

• > 94,000 GB of raw data
• >14,000 deg2 of “QuickLook” images published

Slide:  A. Kimball

https://archive.nrao.edu/archive/advquery.jsp
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